Introduction
============

Primary liver carcinoma (PLC) is one of the most common malignant tumors in the world with high morbidity and mortality, ranking sixth in the incidence of malignant tumors and second in the mortality rate ([@b1-ol-0-0-10228]). The incidence of PLC is increasing year by year. According to the World Health Organization (WHO), there will be 1.3413 million patients with liver cancer in the world by 2034, accounting for about 7% of all cancer patients ([@b2-ol-0-0-10228]). The onset of PLC is obscure, and the early stage of cancer often lacks specific clinical features and signs, which are difficult for patients to detect. Moreover, PLC has a high malignant degree, fast spread of cancer cells and strong invasiveness. Obvious symptoms often occur in the advanced and terminate stages of cancer, at which time the treatment effect is poor ([@b3-ol-0-0-10228]). Up to now, the etiology of PLC is not completely clear, but some studies suggest that chronic infectious diseases such as hepatitis B, C-type virus, and living habits such as smoking, drinking are risk factors of PLC ([@b4-ol-0-0-10228]). At present, with the development of medical technology, the treatment of PLC has greatly improved, but the therapeutic effect is not satisfactory. Studies have shown that the cure rate of liver cancer patients in Shanghai is only 11.72%, and the 5-year survival rate is only 15.45% ([@b5-ol-0-0-10228]), indicating that liver cancer causes great harm to the health and safety of humans. Some studies suggest that early diagnosis and treatment can improve the prognosis and survival rate of patients with PLC ([@b6-ol-0-0-10228]). Therefore, finding a more accurate and convenient way to diagnose PLC is of great importance to medical scientists.

The commonly used serum marker of PLC is alpha fetoprotein (AFP), but some studies have suggested that it is less sensitive and has some limitations on the diagnosis of PLC ([@b7-ol-0-0-10228]). Transforming growth factor-β (TGF-β), a multifunctional cytokine, is located on chromosome 19q13, composed of seven exons, and mainly produced by stellate cells ([@b8-ol-0-0-10228]). It plays a variety of physiological roles in the body, which can regulate cell migration, proliferation, the formation of external mechanisms, but also promote wound healing and scar reduction ([@b9-ol-0-0-10228]). TGF-β has a strong inhibitory effect on the cellular immune function of the body. In the occurrence and development of tumor cells, it can promote the growth of tumor cells by inhibiting immune cells, and has a tumor-promoting effect ([@b10-ol-0-0-10228]). Some studies have shown that serum TGF-β has a high level in patients with non-small cell lung cancer, and TGF-β is a valuable tumor biomarker with the decrease of its level after chemotherapy ([@b11-ol-0-0-10228]).

Magnetic resonance imaging (MRI), Doppler ultrasound, digital subtraction angiography and CT are commonly used to diagnose PLC ([@b12-ol-0-0-10228]). MRI is expensive and time-consuming, which can be a great economic burden for patients ([@b13-ol-0-0-10228]). Doppler ultrasound has high technical requirements for operators, and the detection often has many blind spots because of tissue overlap, so it has some limitations in the disease detection ([@b14-ol-0-0-10228]). At present, CT perfusion imaging is well developed, and the latest CT perfusion imaging provides a more accurate, clear and stable imaging basis for clinical detection. It can detect the characterization, localization and staging of cancer in detail and show the location and size of the tumor, and it is also easy to operate and popularize ([@b15-ol-0-0-10228]). CT perfusion imaging reflects changes in the concentration of contrast medium per voxel or pixel in unit time, promoting the rapid diagnosis of diseases. Its mathematical model can detect the tissues and organs in a simple and direct way, and can provide very valuable diagnostic information ([@b16-ol-0-0-10228]).

At present, there are few studies on the early diagnosis of PLC. Therefore, the diagnostic and differential value of CT perfusion parameters combined with serum TGF-β in PLC was analyzed in this study to find an accurate and convenient diagnostic method for PLC, and to provide reference for clinical practice.

Patients and methods
====================

### General information

The clinical data of 128 PLC patients undergoing radical hepatectomy in Affiliated Hospital of Jining Medical University (Jining, China) were regarded as the study group, including 79 males and 49 females, with an average range of 50.49±16.90 years. All patients in this group were pathologically confirmed as PLC by surgical operation or puncture biopsy in the Affiliated Hospital of Jining Medical University. At the same time, 74 healthy volunteers examined were collected as the control group, including 44 males and 30 females, with an average age of 51.83±15.48 years. All the patients signed an informed consent form. The study was approved by the Ethics Committee of Affiliated Hospital of Jining Medical University.

### Inclusion and exclusion criteria

Inclusion criteria were: Patients admitted to Affiliated Hospital of Jining Medical University, aged 20--70; patients with complete clinical records or medical examination data; patients receiving no radiotherapy, chemotherapy or radiofrequency ablation prior to admission.

Exclusion criteria were: Patients admitted to hospital for relapse; patients with severe heart, cerebrovascular and other diseases; patients with diabetes, renal dysfunction, hyperthyroidism and other malignant diseases; patients with a history of organ transplantation.

### Main reagents and instruments

Spiral CT machine (64-slice) (GE Healthcare, Chicago, IL, USA, model: light speed VCT); TGF-β ELISA kit (Nanjing Jin Yibai Biotechnology Co., Ltd., Nanjing, China, cat. no. JEB-11723); automatic quantitative microplate reader (Anthos Labtec Instruments GmbH, Salzburg, Austria, model: anthos2010); UV-vis spectrophotometer (Shanghai Runqee instrument Technology Co., Ltd., Shanghai, China, model: UV1700).

### Serum collection

After fasting for more than 8 h, 6 ml of external cubital vein blood was drawn from all participants in the morning, placed in vacuum vessels and stored in a refrigerator. The samples were taken out and placed at room temperature for approximately 30 min, then centrifuged at 3,000 × g for 15--20 min at 4°C to separate serum. After centrifugation, a transferpettor (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was carefully used to absorb 350 µl of the supernatant. It was placed in four EP tubes, frozen in liquid nitrogen and stored at −80°C for further detection. All of the above operations were carried out in an aseptic environment.

### Detection methods of TGF-β

The expression of serum TGF-β in the study group and the control group was detected by double-antibody sandwich enzyme-linked immunosorbent assay (ELISA).

The sample to be tested and the kit were removed from the refrigerator and re-melted at room temperature of 30°C. The enzyme label plate was taken out; 50 µl of the standard sample was poured into the standard sample well; 10 µl of the sample to be tested and 40 µl of the sample diluent were added to the sample; and 100 µl of chromogenic antibody was added to each well except the blank wells. After 60 min of water bath at 37°C, the enzyme label plate was removed, and 50 µl of washing liquid was added into each well. After standing for 1 min, the liquid in the wells was dried, and the plate was washed 5 times. Enzyme (50 µl) label solution was added into each well (except the blank control well). After 15 min of water bath in a vibrating flume (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 37°C, chromogenic agent was added for visualizing in the dark for 15 min. The enzyme label plate was removed and the reaction was stopped by termination solution. The absorbance of each well was measured at the wavelength of 450 nm 10 min following termination. The ratio of it to sample absorbance was calculated according to the absorbance value corresponding to the concentration of standard sample, and when the ratio was \>99%, the product was qualified. The linear regression equation was calculated by an automatic microplate reader, and the sample concentration was calculated according to the absorbance measured.

### CT scanning methods

All subjects were required to fast for 8 h before examination, and 1000 ml of warm water was administered 20 min before CT scanning to fill the stomach, small intestine and duodenum. Before entering the CT room, the primary nurse explained the examination process and precautions in detail to obtain the patients full co-operation, and eliminate their uneasiness, training them to inhale, exhale and hold their breath according to the instrument\'s voice prompts, to achieve a smooth scan. Subjects took the supine position and raised their hands to reduce the scanning artifacts. The scanning ranged from diaphragm level to inferior pole of the kidneys. Obvious solid enhancement areas of the patients in the study group were scanned, with tube voltage of 120 kV, automatic millisecond tube current, rotational speed of 0.8 sec/rotation, pitch of 0.984, section thickness and intersection gap of 5 mm and detector collimation of 64×0.625, for routine plain scan of the liver. Rapid injection and dynamic scanning were performed when necessary, and image analysis and measurement were conducted by our senior image analysts. The computer software automatically calculated and displayed the corresponding perfusion parameters: blood flow (BF), blood volume (BV), permeability surface (PS), mean transit time (MTT), hepatic artery perfusion fraction (HAF).

### Statistical analysis

Statistical analysis was carried out by using SPSS17.0 software (Beijing Strong Vinda Information Technology Co., Ltd., Beijing, China). The expression of TGF-β was expressed as mean ± standard deviation (mean ± SD). A t-test was used to compare the measurement data among groups, and Chi-square test was used to compare the enumeration data among groups. The receiver operating characteristic (ROC) curve was used to evaluate the diagnostic efficacy of serum TGF-β expression combined with CT test data. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### General baseline information

There was no statistically significant difference in age, sex, body mass index (BMI), heart rate, renal function, serum creatinine, smoking, fasting blood sugar, hemoglobin (HB), red blood cell (RBC), platelet (PLT) between the study group and the control group (P\>0.05) ([Table I](#tI-ol-0-0-10228){ref-type="table"}).

### Comparison of serum TGF-β expression between the study and control groups

Results of ELISA analysis showed that the expression of TGF-β in serum of the study group (236.46±75.83) was higher than that of the control group (144.34±32.64), and the difference was statistically significant (t=9.924, P\<0.01) ([Fig. 1](#f1-ol-0-0-10228){ref-type="fig"}).

### Relationship between TGF-β expression and clinicopathology in the study group

Results of ELISA detection showed that the expression level of serum TGF-β in the study group was associated with total bilirubin, ascites, TNM stage, prothrombin time, tumor diameter, lymph node metastasis and distant metastasis, and the difference was statistically significant (P\<0.05) ([Table II](#tII-ol-0-0-10228){ref-type="table"}).

### Comparison of CT perfusion parameters between the study group and control group

The results showed that, the BF parameter in the study group (212.45±42.34 ml/min/100 g) was higher than that in the control group (128.35±24.59 ml/min/100 g), with statistical difference (t=15.620, P\<0.01); the BV parameter in the study group (41.83±10.2 ml/100 g) was higher than that in the control group (28.86±7.53 ml/100 g), with statistical difference (t=9.514, P\<0.01); there was no statistical difference in the MTT parameter between the study group (9.43±4.39 sec) and the control group (10.83±5.82 sec) (t=1.933, P=0.055); the PS parameter in the study group (27.42±9.33 ml/min/100 g) was higher than that in the control group (19.45±7.35 ml/min/100 g), with statistical difference (t=6.302, P\<0.01); the HAF parameter in the study group (0.63±0.15) was higher than that in the control group (0.44±0.09), with statistical difference (t=30.77, P\<0.01) ([Fig. 2](#f2-ol-0-0-10228){ref-type="fig"}).

### Diagnostic value of HAF parameter and TGF-β expression in PLC

The HAF parameter and TGF-β expression in the study and control groups were plotted as ROC curve of PLC diagnosis. The results showed that the AUC value of TGF-β expression in PLC was 0.8699 (95% CI: 0.8221--0.9178); the specificity was 73%; the sensitivity was 93%, and the best cut-off point was 191.30 ng/l. The AUC value of HAF parameter in PLC was 0.8858 (95% CI: 0.8364--0.9352); the specificity was 73%; the sensitivity was 100%, and the best cut-off point was 0.5150. Logistic regression analysis was used to analyzed the expression level of TGF-β and HAF parameter in the two groups, and the further combination of regression data with HAF parameter and TGF-β expression to draw the ROC curve for PLC diagnosis. The results showed that the AUC value of HAF parameter combined with TGF-β expression in PLC was 0.9277 (95% CI: 0.8892--0.9662); the specificity was 84%; the sensitivity was 100%, and the best cut-off point was 0.3098 ([Fig. 3](#f3-ol-0-0-10228){ref-type="fig"}).

Discussion
==========

The liver is an important immunologically privileged organ and plays an important role in the immune regulation of the body. PCL is a very common malignant tumor of the liver with a high mortality rate, second only to lung cancer. The mortality rate is increasing gradually because of late diagnosis and insufficient treatment regimen causing threat to patients\' health and quality of life ([@b17-ol-0-0-10228]). There are no obvious symptoms in the early stage of PLC, which to a large extent increases the difficulty of accurate diagnosis of PLC in the early clinical stage. The vast majority of patients have advanced cancer when they develop symptoms such as liver pain, jaundice, ascites, stiffness, lethargy and other symptoms, losing the opportunities for thorough treatment such as radical resection of liver cancer ([@b18-ol-0-0-10228]). The occurrence of PLC is related to many factors, such as hepatitis B virus, hepatitis A virus, alcoholism, fatty liver, smoking or inherited. It is impossible to establish an effective preventive measure against PLC in a short time ([@b19-ol-0-0-10228]), but early discovery and treatment can often improve the therapeutic efficacy, prognosis and survival time of patients. Therefore, many scholars are working to find a more accurate and sensitive diagnostic method for the treatment of PLC.

TGF-β, a multifunctional cell growth factor, has a molecular weight of approximately 12.5 kDa, and its biological function is mainly in inflammation, embryonic development, and tissue repair. It has been found that TGF-β plays an important role in regulating cell differentiation, proliferation, apoptosis and immune function. Moreover, it can inhibit immune cells and stimulate the proliferation of extracellular matrix ([@b20-ol-0-0-10228]). The expression of TGF-β is increased to varying degrees in a variety of malignant tumors, indicating that TGF-β is of great significance in the occurrence and development of tumors ([@b21-ol-0-0-10228]). Some studies have shown that the expression of TGF-β in hepatitis B virus carriers is higher than that in healthy persons ([@b22-ol-0-0-10228]). The expression level of TGF-β is closely related to the invasion and metastasis of PLC and can change the microenvironment of a tumor and increase the possibility of tumor invasion and metastasis, and it is also an independent prognostic factor of PLC ([@b23-ol-0-0-10228]). Song *et al* ([@b24-ol-0-0-10228]) used TGF-β and AFP to diagnose PLC, and the results suggested that TGF-β may be a useful serum marker for early detection of PLC, because compared with AFP, TGF-β is more sensitive in the diagnosis of PLC.

CT perfusion scan, based on CT plain scan, can show the lesion completely and intuitively and calculate various CT perfusion parameters by using different mathematical models, which can effectively reflect the changes of local tissue perfusion volume ([@b25-ol-0-0-10228]). BV refers to the blood volume in the tissue vascular structure, whose perfusion parameters are affected by the size of the blood vessel and the number of capillaries opening. A large number of immature neovascularization in tumors and the increase of blood flow through abnormal blood vessels can lead to the increase of BV value. BF is the volume of blood flowing through liver tissue per unit of time. Due to the random growth of tumors, the volume of blood flowing through the liver tissue per unit time increases, resulting in an increase in the BF value. HAF refers to the average fraction of the volume of blood flowing through the hepatic artery per unit time. Because PLC cancer cells are mainly blood supplied by hepatic artery and contain abundant capillaries, the increase of arterial blood component in PLC can break the proportion of blood supply, which leads to the rise of HAF. PS is the unidirectional transport flow rate of contrast agents from capillaries into the intercellular space. Because endothelial cells in the wall of the abnormal microvessels in a large number of tumor tissues in the liver are incomplete, contrast agents are easy to enter and exit blood vessels and tissue space, thereby, leading to increase of PS value ([@b26-ol-0-0-10228]). Since hepatic artery is the major blood supply for PLC cancer cells, and HAF can clearly reflect the blood flow of hepatic artery, HAF parameter is used as a diagnostic criterion for PLC.

Bilezikçi *et al* ([@b27-ol-0-0-10228]) considered that overexpression of TGF-β may lead to the occurrence of liver cancer, which is similar to our results. The expression of TGF-β in the serum of PLC patients and normal controls was compared in this study, and the results showed that the expression of TGF-β in the serum of PLC patients was higher than that of normal controls, and the difference was statistically significant (P\<0.05). Further study on the clinicopathological features and the expression of TGF-β in patients with PLC found that the expression level of serum TGF-β was related to total bilirubin, ascites, TNM stage, prothrombin time, tumor diameter, lymph node metastasis and distant metastasis (P\<0.05), which is similar to the result of Lu *et al* ([@b28-ol-0-0-10228]). They studied the relationship between TGF-β expression and PLC, and found that TGF-β expression was closely related to metastasis, histological grading and penetration depth of PLC. The perfusion parameters of BF, BV, PS, HAF in PLC patients were higher than those in normal controls (P\<0.05). The result is similar to that of Li *et al* ([@b29-ol-0-0-10228]) who considered that there were significant differences in perfusion parameters such as BF, BV, PS between normal liver tissues and hepatocellular carcinoma tissues. In our study, by drawing the ROC curve of HAF parameters and TGF-β expression level in the diagnosis of PLC, it was found that the specificity and sensitivity of TGF-β expression level in diagnosing PLC were 73% and 93%, respectively; the specificity and sensitivity of HAF parameter in diagnosing PLC were 73 and 100%, respectively; the specificity and sensitivity of HAF parameter combined with TGF-β expression level were 84 and 100%, respectively. The specificity and sensitivity of HAF parameter combined with TGF-β expression in the diagnosis of PLC were higher than that of any single test, indicating that HAF parameter combined with TGF-β expression has a higher diagnostic value for PLC.

The subjects enrolled in this study were selected strictly according to the inclusion and exclusion criteria to ensure the reliability of the results of this study. However, the number of patients was small, more PLC patients with different pathological types should be collected for a future study. The correlation between HAF parameter, TGF-β expression and other clinical symptoms of PLC patients was not studied in depth, so some limitations may exist. Regular follow-up will be conducted.

In conclusion, TGF-β is highly expressed in serum of PLC patients; the perfusion parameters of BF, BV, PS, HAF in PLC patients are higher than those in normal controls; the expression level of TGF-β is related to total bilirubin, ascites, TNM stage, prothrombin time, tumor diameter, lymph node metastasis and distant metastasis; HAF parameter combined with TGF-β expression level can improve the specificity and sensitivity and has an important value in the diagnosis of PLC.
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###### 

Comparison of general baseline information between the two groups \[n (%)\] (mean ± SD).

  Classification                 Study group (n=128)   Control group (n=74)   χ^2^/t value   P-value
  ------------------------------ --------------------- ---------------------- -------------- ---------
  Age                            50.49±16.90           51.83±15.48            0.560          0.576
  Sex                                                                         0.101          0.767
    Male                           79 (61.72)          44 (59.46)                            
    Female                         49 (38.28)          30 (40.54)                            
  BMI (kg/m^2^)                                                               0.320          0.629
    \<24                           93 (72.66)          51 (68.92)                            
    ≥24                            35 (27.34)          23 (31.08)                            
  Heart rate (time/min)                                                       1.588          0.262
    \<60                           18 (14.06)          11 (14.86)                            
    ≥60                          110 (85.94)           63 (85.14)                            
  Renal function                                                              0.283          0.603
    Normal                       101 (78.91)           56 (75.68)                            
    Abnormal                       27 (21.09)          18 (24.32)                            
  Serum creatinine (µmol/l)                                                   0.098          0.833
    \<133                          17 (13.28)            9 (12.16)                           
    ≥133                         111 (86.72)           65 (87.84)                            
  Smoking                                                                     0.199          0.763
    \<Yes                          79 (61.72)          48 (64.86)                            
    ≥No                            49 (38.28)          26 (35.14)                            
  Fasting blood sugar (mmol/l)   4.71±0.68             4.64±0.78              0.668          0.505
  Hb (g/l)                       127.18±16.93          126.17±15.99           0.417          0.677
  RBC (×10^12^/l)                4.63±0.31             4.59±0.42              0.774          0.440
  PLT (×10^9^/l)                 213.85±54.86          218.09±51.85           0.540          0.580

###### 

Comparison of serum TGF-β expression with clinicopathology in the study group (mean ± SD).

  Classification             Study group (n=128)   TGF-β (ng/l)   t value   P-value
  -------------------------- --------------------- -------------- --------- ---------
  Total bilirubin (µmol/l)                                        3.568     \<0.01
    \<33                       42                  219.44±58.81             
    ≥33                        86                  257.25±55.04             
  Ascites                                                         7.922     \<0.01
    Yes                        63                  279.43±32.86             
    No                         65                  215.69±55.06             
  Prothrombin time (sec)                                          7.360     \<0.01
    \<14                       16                  195.03±34.40             
    ≥14                      112                   272.36±39.93             
  Tumor diameter                                                  6.612     \<0.01
    \<5 cm                     47                  216.35±55.72             
    ≥5 cm                      81                  272.45±39.84             
  TNM stage                                                       8.920     \<0.01
    I--II                      59                  202.59±41.96             
    III--IV                    69                  269.59±42.70             
  Lymph node metastasis                                           4.911     \<0.01
    Yes                        35                  281.58±30.71             
    No                         93                  225.45±64.82             
  Distant metastasis                                              5.866     \<0.01
    Yes                        38                  282.32±29.97             
    No                         90                  221.45±60.82             
